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[57] ABSTRACT

A counter slip control circuit is described for digital
transmission systems wherein the counter uses a feed-
back circuit to define the permissible counter states.
The slip control input modifies the feedback function so
that certain counter states are either repeated oOr
skipped. A repeated counter state is equivalent to retar-
dation of the counter output signal phase. A skipped
counter state is equivalent to advancing the counter
output signal phase. The slip control gate 1s eliminated
from the clock input line to the counter and instead is
included in the feedback path which eliminates the
skew problem and permits the equivalent of adding
clock pulses without the requirement for logic speeds of
twice the normal clock speed.

8 Claims, 3 Drawing Sheets
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HIGH SPEED DIGITAL COUNTER SLIP
CONTROL CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to digtal
transmission in which synchronization is provided by a
clock to properly identify and recover a digital signal at
a receiving terminal. More specifically, the present
invention relates to a digital slip control circuit for
either advancing or retarding the timing of the output
signal phase of a digital counter without degrading
timing performance in high speed applications. The
counter slip control technique of the present invention
is particularly advantageously applicable to digital
phase lock loop circuits, to telecommunications frame
synchronization circuits, to high speed elastic buffers, to
bit stuffing control counters, to high speed demultiplex-
ers and to channel decoding counter circuits.

2. Description of the Prior Art

Digital signal transmission systems are generally syn-
chronized by means of digital clock signals. Since the
digital transmission signals generally include both data
(payload) and control (overhead) bits, several frequen-
cies as well as phases of the clock signal are required to
completely identify the entire content of the digital
transmission signals. Adjustment of a digital counter
with a slip control means is well known in the prior art
to provide timing signals having various required pha-
ses to decompose and identify the contents of a digital
signal. As aforementioned, counter slip control is the
technique by which a counter output is either advanced
or retarded in phase in response to a slip controi input

pulse.
It is known in the prior art that the counter output

phase can be retarded by subtracting a clock pulse and
can be advanced by adding a clock pulse. In such
known techniques, clock pulses are either added or
subtracted by means of a logic gate in series with the
clock input to the counter. In high speed counter appli-
cations, such prior art techniques are inadequate since
the addition of a gate in series with the clock line 1n-
creases the delay in the timing path, resulting in skew in
~ the timing signals derived at the counter output. Addi-
tionally, if clock pulses are added, the gate and the
counter are required to operate at twice the normal
clock rate, at least momentarily. In high speed logic
applications in which the counter is already running at
or near the maximum toggle rate, the counter could not
operate at the doubled frequency, hence it would be
impossible to add a clock pulse.

The present invention avoids the aforementioned
deficiencies of the prior art by providing a slip control
circuit that does not introduce timing skew in the timing
signals derived at the counter output. Also in accor-
dance with the present invention, counter slip control,
either phase advancement or phase retardation, can be
achieved notwithstanding that the counter is operating
at or near its maximum toggle rate of its technology.

SUMMARY OF THE INVENTION

A counter slip control is described wherein the
counter uses a feedback circuit to define the permissible
counter states. The slip control input modifies the feed-
back function so that certain counter states are either
repeated or skipped. A repeated counter state 1s equiva-
lent to retardation of the counter output signal phase. A
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skipped counter state is equivalent to advancing the
counter output signal phase. The slip control gate 1s
eliminated from the clock input line to the counter and
instead is included in the feedback path which elimi-
nates the skew problem and permits the equivalent of
adding clock pulses without the requirement for logic
speeds of twice the normal clock speed. With proper
timing of the slip control event, the equivalent of adding
a clock pulse for counter phase advancement 1s imple-
mented without the clock rate doubling effect.

It is therefore a primary object of the invention to
provide a slip control feedback circuit which utilizes
counter timing to control critical timing of the slip con-
trol event. |

It is another object of the invention to provide a
counter slip control circuit for phase retardation of a
counter output signal.

It is yet another object of the invention to provide a
counter slip control circuit for phase advancement of a
counter output signal.

Other objects and advantages of the invention will
become apparent with reference to the accompanying
drawings wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) and 1(b) are slip control circuits illustra-
tive of the prior art.

FIG. 2 is a circuit diagram of a slip control circuit of
the present invention wherein signal phase retardation
1s implemented.

FIG. 3 is a circuit diagram of another embodiment of
the present invention wherein signal phase advance-

ment is implemented.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 (a) illustrates a slip control circuit of the prior
art in which slip control is achieved by pulsing a gate 10
in series with the clock input line 12 which is in series
with a digital counter 14, which s shown as a two-stage
counter comprised of flip-flop circuits 16 and 18. When
a pulse is to be added, the slip control exclusive Or gate
10 and the first counter stage, flip-flop 16, must be capa-
ble of operating at twice the normal clock rate. If the
logic is already operating at its maximum toggle rate, it
would not be possible to use the slip control circuit of
FI1G. 1(a) which requires adding a pulse.

FIG. 1(b) illustrates the same slip control circuit tech-
nique of the prior art as described with reference to
FI1G. 1(a), in which a gate 20 is in series with a counter
22. The counter 22 consists of two-stages of flip-flops,
24 and 26. The gate 20 in this example is an Or gate for
subtraction of a pulse, and is in series in the clock input
line 28 with the counter 22. The logic inputs of the gates
10 and 20 are as indicated.

Referring now to FIGS. 2 and 3, embodiments of the
present invention are illustrated which, unlike the prior
art slip control circuitry described with reference to
FIGS. 1(a) and 1(b), do not have a gate in series with
the clock line to the counter. The invention, described
hereinafter with reference to FIGS. 2 and 3, effectively
eliminates skew in the clock signal to the counter. Slip
control is accomplished in a feedback circuit which
forces desired counter logic states to exist. When a slip
control input pulse is applied to the slip control input
line, a flip-flop stores this information and modifies the
counter feedback control to cause a slip control event to
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‘take place with non-critical timing, such that slip con-
trol events always take place at logic rates below he
critical rate of the logic circuit.

A slip control circuit of the invention is shown in
FIG. 2 in which a clock pulse is subtracted and hence
phase retardation of the counter output is achieved. A
slip control pulse in the form of a logic high on line 100

is applied to a two stage shift register comprised of
flip-flops 102 and 104. A digital counter is comprised of

a three stage ring counter configured from flip-flops
106, 108, and 110, having a feedback loop through Or

gate 112. When the shift register loads in the slip control
pulse on line 100, the slip control event occurs by en-
. abling Or gate 114 of the dual Or gate and which resets
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flip-flop 116 on the next clock pulse. The output of 15

flip-flop 116 on line 118 is applied to an input to Or gate
112 and modifies the feedback of the ring counter. This
feedback modification results in a repeated counter
state, thereby retarding the counter phase by the equiv-
alent of one clock time period. This repetition of a
counter state 1s equivalent to subtracting a clock pulse
from the clock line 120 to the ring counter. The afore-
described slip control event occurs without any gate in
series with the clock line 120 to the ring counter. Addi-
tionally, this slip control event occurs at the lower logic
operating speed of the Or gate 112, the feedback circuit.

Referring now to FIG. 3, a slip control circuit in
accordance with the invention is described in which the
slip control event is equivalent to adding a clock pulse
and hence phase advancement of the counter output is
achieved. A slip control input pulse in the form of a
logic high on line 200 is loaded into a two stage shift
register comprised of flip-flops 202 and 204, which
together with flip-flop 206 enables Or gate 208 to reset
tlip-flop 210 on the next clock pulse on line 212. The
output of flip-flop 210 on line 214 is coupled to Or gate
216, and the output of Or gate 216 on line 218 sets flip-
flop 220 on the next clock pulse, thereby modifying the
feedback path through Or gate 226 to the three stage
ring counter, which ring counter is comprised of flip-
flops 222, 224 and 206. This feedback modification
causes the ring counter to skip one state, hence advanc-
iIng the counter output phase. The enable timing for Or
gate 208 i1s provided by flip-flop 206 to establish the
critical timing for the slip control event such that the
skipped counter state is caused to occur at the proper
time in the sequence of the ring counter.

Or gates 112 and 114 described with reference to
FI1G. 2 and Or gates 216 and 226 described with refer-
ence to FIG. 3 are illustrated as implemented in dual Or
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gate circuit configuration, and are available as off-the-
shelf components, as are the various flip-flops.
I claim:
1. A counter slip control circuit for high speed digital
logic, comprising:
digital counter means for deriving an output signal
and having a plurality of counter states and having
a clock 1nput;

counter feedback circuit means for forcing desired
counter states to occur at desired times in synchro-
nism with a signal at said clock input; slip control
Input means for receiving a slip control input pulse;
and
feedback modification circuit means responsive to the
slip control input means, and having an output
coupled to said counter feedback circuit means,
such that a counter state is repeated, thereby re-
tarding the phase of the counter output signal.
2. A counter slip control circuit in accordance with
claim 1, wherein said retarding is equivalent to one
clock time period.
3. A counter slip control circuit in accordance with
claim 1, wherein the digital counter is a ring counter.
4. A counter slip control circuit in accordance with
claim 3 wherein said ring counter comprises a plurality
of stages, each stage consisting of a flip-flop circuit.
5. A counter slip control circuit for high speed digital
logic, comprising: _
digital counter means for deriving an output signal
and having a plurality of counter states and having
a clock input;

counter feedback circuit means for forcing desired
counter states to occur at desired times in synchro-
nism with a signal at said clock input;

slip control input means for receiving a slip control

input pulse; and

feedback modification circuit means responsive to the

slip control input means and having an output cou-
pled to said counter feedback circuit means, such
that a counter state is skipped, thereby advancing
the phase of the counter output signal.

6. A counter slip control circuit in accordance with
claim 5, wherein the digital counter is a ring counter.

7. A counter slip control circuit in accordance with
claim 6, wherein said ring counter comprises a plurality
of stages, each stage consisting of a flip-flop circuit.

8. A counter slip control circuit in accordance with
claim § wherein said feedback modification circuit in-

cludes means for defining the permissible counter states
* ¥ x % %
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